Abstract: A simple method for the synthesis of the title compounds by an efficient in-situ reduction and cyclization reactions of aromatic aldehydes, tert-butyl 2,4-dioxopiperidine-1-carboxylate and 5-nitro-1H-indazole or 6-nitro-1H-indazole was developed.
Introduction
Naphthyridines are an important class of heterocycles due to their inherent biological activities [1] [2] [3] [4] [5] . Substituted indazoles are also pharmaceutically important [6] . Previously, we introduced a three-component reaction of 1H-indol-6-amine, aromatic aldehyde and cyclic 1,3-dicarbonyl compound under catalyst-free conditions [7] [8] [9] . Compared with amino compounds, nitro derivatives are more stable, easier to obtain, and they can be easily reduced to the amines [10, 11] . The reduction is often accomplished with the use of iron [Fe(0) ]. This reagent is one of the most abundant, nontoxic, inexpensive and environmentally friendly transition metals [12] [13] [14] . In view of the importance of the previously detailed structures, in this report we describe synthesis of indazolo [5,4-b] [1, 6] naphthyridine and indazolo [6,7-b] [1, 6] naphthyridine derivatives starting from 5-nitro-1H-indazole or 6-nitro-1H-indazole using Fe(0) as a reducing agent via a one-pot multicomponent protocol [15] [16] [17] .
Results and discussion
Initially, 4-chlorobenzaldehyde (1a), tert-butyl 2,4-dioxopiperidine-1-carboxylate (2) and 6-nitro-1H-indazole (3) were allowed to react to optimize the reaction conditions (Scheme 1). When the reaction was performed in the presence of two equivalents of Fe(0), water(1 mL) and acetic acid (1 mL) in ethanol at 80°C, we were pleased to obtain the expected product 4a in 58% yield. Then, the reaction was tested in ethanol under different ratios of 3 and Fe(0). With three equivalents of Fe(0), the yield was increased to 88%. The effects of the amounts of water and acetic acid were also evaluated. The best results were obtained in the presence of 1 mL of water and 1 mL of acetic acid using ethanol as solvent. Ethanol was the optimal solvent in comparison to tetrahydrofuran, methanol, dioxane and toluene. With the optimized reaction conditions in hand, other aromatic aldehydes 1b-j were applied in this synthesis to furnish products 4a-j in good yields (Scheme 1). It was found that under the optimized conditions the treatment of 5-nitro-1H-indazole (5), instead of the isomer 3, with 1 and 2 furnished the expected products 6 (Scheme 2). The structures of all products were characterized by IR, NMR and HRMS spectral methods.
A possible mechanism is shown in Scheme 3 using substrate 3 as an example. First, the nitro compound 3 is reduced to 6-aminoindazole A. At the same time, the Knoevenagel product B is generated by the reaction of substrates 1 and 2. Then, 6-aminoindazole A undergoes reaction with the intermediate product B to obtain the intermediate C. Then, intramolecular cyclization of C generates the intermediate product D which is the final precursor to the observed product 4.
Conclusion
A simple and efficient method was developed for the synthesis of indazolo [5,4-b] [1, 6] naphthyridine and indazolo [6,7- form nitro compounds by in situ reduction and cyclization reaction in Fe/H 2 O medium.
Experimental
Melting points were determined in open capillaries and are uncorrected. IR spectra were recorded on a Tensor 27 spectrometer in KBr pellets. 1 H NMR (400 MHz) and 13 C NMR (125 MHz) spectra were obtained in DMSO-d 6 with Me 4 Si as internal standard using Bruker-400 and Bruker-500 spectrometers. ESI-HRMS analyses were carried out using a Bruker-micro-TOF-Q-MS analyzer.
General procedure for the synthesis of 4 and 6
A dry 25-mL round-bottom flask was charged with aromatic aldehyde 1 (1 mmol), tert-butyl 2,4-dioxopiperidine-1-carboxylate 2 (1.0 mmol), 6-nitro-1H-indazole 3 or 5-nitro-1H-indazole 5 (1.0 mmol), powdered iron (3 mmol), EtOH (5 mL), H 2 O (1 mL), and AcOH (1 mL). The mixture was stirred at 80°C for 8-10 h until TLC analysis revealed that the reaction was completed and then treated with brine (10 mL). The mixture was extracted with EtOAc (3 × 15 mL). The organic layers were combined and washed thoroughly with brine, dried with Na 2 SO 4 , and filtered through Celite. Following removal of the solvent in vacuo, the residue was purified by crystallization from DMF to give the pure product 4 or 6. 11-(3-bromophenyl)-10-oxo-7,8,10,11-tetrahydro-1H-indazolo [6,7-b] 128.4, 122.1, 117.2, 114.3, 110.0, 99.1, 81.3, 42.6, 39.0, 28.3 11-(4-bromophenyl)-10-oxo-7,8,10,11-tetrahydro-3H-indazolo [5,4-b][1,6 11-(3,4-dichlorophenyl)-10-oxo-7,8,10,11 11-(3-methoxyphenyl)-10-oxo-7,8,10,11 
tert-Butyl

